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THE NOISE PRIMER 

PART IX 

VIBRATION AND SOUND 

• THAT SOUND and iiieclianical vihra* 
lion an* related is sueh a simple eom*epl as 
to s<‘eni liardly worth nientioniiig. How¬ 
ever, the relationships lM‘tween these two 
phenomena and. in partieiilar, their effeels upon human lK*in«;s are 
very eompli(*ated indeed. 

Most of ns use the terms .souml and vibration in broa<l ami over¬ 
lapping senses, but for the purj>oses of this disf'ussion it is best to keep 
to rather narrow ineaningfs. Sound. therefc»re, will l»e considered as air¬ 
borne vibrations of an audible frecpiency. The term vibration will be 
us<*d to mean me«‘hani(‘al vibrations or vibrations occurring in 
solids. The frequem*v ranges for sound and vibration as thus 
defined are roiighlv the same, r. . . 

exteptmg that important vi- l)ration |)irkii(> ran behold in the hand, 
brations may alsf) be present 
considerably below the lower 
fretpiency limit of hearing, 
and satisfactorv vibration¬ 
measuring equipment must 
o|M‘rale at frc<piem*ies as low 
as 2 4)r 3 I’vcles |)er s<'<*ond. 

riic reasons for measuring 
4»r redin'ing vibrati<»n are 
generall\ two. In I be first 
place, as is generally realized. 
audio-fre<pien«^y vibrations of 
solids transmit sound vilira- 
tions to the air, thus creating 
noise, 'riic proce.ss of (piicting 
a machine or device generallv 
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(ln'rofon*, a Htiidy of tlir iiir* 
rhaniral vilirationn involved. 

In the K<*eond place, vibration 

may eaiiM* actual failure uliicli. in the 
ca^es of heavy machinery or airplanes, 
for instaiK’e, may have fatal conse- 
cpiences. \ ihration. then, is not only a 
soiint‘ of noise, hut often a source of real 
flanger. I'he presimt |M*rfe<’lion of hi»;h- 
s|)eed planes, ships, and aiitomohiles 
muld never have Immoi achieveil Hithoiit 
a thorough study of vibration, its cause, 
measurement, and cun*. 

Displacement, Velocity, and 
Acceleration 

Vibration, like linear and angular mo¬ 
tion. can he iiicnsiired in terms of dis- 
pla(*ement. velocity, and acceleration. 
The easiest measurem(*nt to understand 
is that of displacement. In some* c‘as4*s 
nhere the displacement is large it can Im* 
measured direc*tly with a ruler. 

In its simplest ease* the displacement 
may be* c'onsidered as simple harmonic 
motion, that is.a sinusoidal function hav¬ 

Figcrr 20 'ITir ronlml Im>\ and vihrati(»ii 
pickup cnnnrcl to I hr sound dr^rl inrtcr in place 
of thr microphone. 


ing the form 

X — t sin a’/ (li) 

where -f is a constant, cj is 2v times the 
frecpiency, and / is the time. 'I’he max¬ 
imum pt*ak-to-|M*ak displaienient will Im* 
2T, and the r-m-s (sometimes l€K>sely 
sjioken of as the average) displacement 
will be 1 .'f. I'he '^average dc»uble am- 

plitude'’ (r-m-s) will Im* \/2 I, 

Displacement, however, is not always 
the prof)erty of the vibration that is re¬ 
el iiired in prac*tical prcd»lenis. \ me- 
c‘hanical part radiating sound may Im* 
c*ompared to a louds|M‘aker. In genc*ral 
the re/orifie.s of the radiating part (w Inch 
c*orresponds to the c*one of the S|M*aker) 
and the air directly nc‘\t to it will Im* the* 
same. and. so long as the distanc*e from 
the front of the part to the hac*k is large 
c'ompared to one-half of the wavelength 
of sound in air. the actual sound prc*ssurc 
generated in the air will Im* pro|N>rtional 
to the veloc’ity c»f the vibration. The 
sound energy radiated is the product of 
the velocity scpiared times the resistive 
coin|M>nent of the air load. I nder tlM*st* 
conditions, particularly when* noi.sc* is 
im|M>rtant. it is the velcM*ity of the vi¬ 
brating part and not the displacement 
which is of greatest im|M>rtanc*c*. 

The velcM’ity is the first derivative c»f 
the displacement, so that fc»r the simple 
harmonic vibration in Kcpiation (3) the 
velcM’ity is 

r — — = w.T c’os u)r ((}) 

dt 

'riiiis the velocity is proportional not 
only to the displacement hut also to the 
frecpiency of the vibration. 

In many cases of mec'hanic’al vibra¬ 
tion. and particularly w here mechanical 
failure is a c*onsideraticm. the ac'tiial 
forc'es set up in the vibrating parts are 
im|M>rtant factors. New ton's laws of nic»- 


Cop^riitiit. 1943. General Radio Companr. 
Cambridge, Maaa., U. S. A. 


lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (SOO) 899-8438 • fax: (516) 334-5988 






3 


JUNE. 1943 


li<»n stair that ihr arrrieralioii of a 
wivrn mass is (>ro|K)rlu»iial to llir ap- 
plir*! forrr. an«I that this forrr |inMliic*es 
a rrsulling rrarlinp fonv uliirh is rqiial 
lull o|»|N>site ill ilirrrtion. \ny slrrssrs 
ami Strains set up in a >ibratin^ inein> 
Iht, lhen‘f<»re, \\ill Ik* pro|M>rlional In the 
aeeeieratinn of tlie vibration, whieh is 
the s4*eoml ilerivative of the ilisplaee* 
inent. \eeeleration in(*asnreinents are 
ini|K»rtant when.* \ihrations an* siifTi- 
eiently severe toeaiis** ai’tiial meehanieal 
failure, riierefore, 

tir d'-x . . 

a = — = = — u)2.1 sin u)/ (i) 

dt dn 

'rile aeeeleratiiiii. therefore, is pro|H>r- 
lional to the (lisplaeeint*nt ami to the 
■^•piare of the freipiene\. 

'riien* is another use for aeeeleration 
ineasureim'nts. 'I'lie analogy eited above 
eoneerning the louils|M‘aker eovers the 
usual easi* where the eone or hallle is 
large eonipan'd to the wavelength of the 
S4>und involved. In most maehines this 
relationship d<K*s not hold, sinee rel¬ 
atively small parts an* vilirating at rela- 
tiveU low fn*(piem*ies. This may Ik* 
eompared to a small louds|K*aker with¬ 
out a hallle. \l low frecpieneies the air 
ma\ Ik* ^^puni|K*d** hat’k and rorih fr4»in 
one side of the eone to the oth(*r with a 
ver> high \el<M'ity, hut without building 
up iiiiieh of a pressure or radiating iiitieh 
sound energ> lK‘eause of the ver\ low air 
load, wliieli has a reaetive meehanieal 
im|K*dane4*. I nder these eiuidilions the 
a<*eeleralion nieasun*menl provides a 


lK*tter measure of the amount of noi.se 
radiated than does a \el«M'ity im*as- 
un'inent. 

'Po summari/x*. therefore, displaee- 
menl measiiremenls are used only in 
those* lew instances where tin* aetual 
amplitude of motion of the parts is im- 
|K>rtanl. This would inehide, in partie- 
iilar, thoHi* «tas4*s where large amplitude 
of motion might actually (‘ause parts to 
strike together, thus (*ausing damage or 
.se*rious rattle. Velm'ity measurements 
are generally used in noise problems 
where the radiating siirfaees are com¬ 
paratively large with n*s|iecl to the 
wavelength of the sound. Acceleration 
measurements are tin* most praetical 
where actual mei'hanical failure of the 
parts involved is of im|K>rtain't*, and in 
most noise problems, particularly thow* 
involving small machinery. A vibration 
meter, therefon*. shoultl Ik* aide lomeas- 
iin* all three \ihration charaeteristics. 

The above equations, (5), (h), and 
(7), represent only sinusoidal vibrations, 
hut, as in the cast* of complex sound 
waves, eoniplex |>eri4Nlic xihratiiuis can 
also Ik* repres4*nted as a Ftuirier st*ries of 
sinusoidal vibrations. 'rhi*s<* simple e<pia- 
tions may. therefore, Ik* t*\pan4h*d to in¬ 
clude as many terms as desirable in order 
t«» <*\pre^s any particular I>|k* of vibra- 
ti4»n.‘‘^ It will Ik* noted that, sinci* \e- 
loeitv is pro|N>rtional to I'requeney. and 
aei’cleration is pnqKirtional l«» the sipiare 
«»f the frequency, the higher fn*«pieney 
eoni|KHi<*nts in a vibration are pnigres- 


***(iriHTal r<|ii;itioiiM rorn*s|M)n«iiii}! to (5), (6), and (7) ar^. rrs|H*<*liv#-lv: 

.t = .fi Hill + aj) .Ij rill (2a>|/ «■*) -H .'it Hill (3w|/ -f at) -f- • • - 

tlx 

l> - — * aii.fi eos (u>jl -f aO 2u*i I3 ei»ii (2u?il 4 " «») + It eiis -f oti) -|“ ‘ 

tit 


tiv 

tit 


fit* 


- —wj*^i sill (mj 4 “ 4*1) ~ sin ( 2 u}if + aj) 


(fia) 


— ^u)i*.4t hill 4- o>) — • • • (7a) 

wlirre orj, ae, aj, etc., are 1 In* ri'lalive pliaHe an|:les «»f various liarinonif^ ainl = 2ir liincn lln* 
fiiinlunirnlul frr<|nenry. 
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sively more iin{K)rtant in velo<.'ity ami 
acceleration measurenientis than in dis¬ 
placement readings. The effective read¬ 
ing of the vibration meter on a complex 

vibration meter readius of displace* 
ment corre»|K>nding to (5a) would l)e 


1*1 


-f A,* -h -f- . . . 


(5b) 


wave is equal to the square root of the 
sum of the squares of the components 
wdiich gives further emphasis to the 
liigher amplitude com^mnents.""** 

The velocity 
be, respectively 

< 4 ^ 


The velocity and acceleration readings would 

ly 




M = + • • 


(61.) 


(6c) 


PART X^THE VIBRATION METER 


Vibration Pickup with 
the Sound-Level Meter 

For some years a vibration pickup has 
l>een available as an accessory for the 
(General Kadlo Sound-Level Meter. The 
pickup, which responds to mechanical 
vibrations, is merely substituted for the 
microphone, and the sound-level meter 
used otherwise in a normal fashion. With 
the Type 759- B Sound-L<?vel Meter the 
Type 759-P35 Vibration Pickup and the 


Type 759-P36 Control Box are used. The 
pickup itself is of the inertia-o(>erated 
piezo-electric type, which res{M)nds to 
acceleration.^ The control box. which 
connects l>etween I he meter and the 
pickup, provides electrical integrating 
circuits. The integrating circuits alh»w 
the conversion of this response for read- 


*ln this type of pickup tlie cryntal U deflected by iu own 
inertia when the pickup ia subjected to vibration. 'Hie volt¬ 
age generated ia proportional to the actual force exerted on 

the cryatal which ia proptwtional to the acceleration. 


Ficcre 21. Type 761-A Vibration Meter, designed particularly for machinery vibration problems, 
covers the frequency range from 2 to 1000 cps (120-60,000 rpm). 
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ill*: v<*l<M*ity or tlisplamiu'iit. IMiis roin- 
hinution <if pickup. <’otitrol box, and 
sound-level meter provides a <-oiivetiieiit 
uiul iu<‘\|MMisive way for owners of souiul- 
level meters to make \ibratioii measure¬ 
ments within the aiidio-fretpieney ran^e. 
However, it should U* rememU'red that 
tlw ^ound-level meter ein’uits wen* in¬ 
tended only to res|M»ml down to 2.*) 
cycles, and <*ons4*<pienlly lliis cornhina- 
tifui is not suitable for iiieaMiirinv lower- 
freipiency vibrations. 

Also, the sound-le\el meter reatls in 
terms of de(*ilH*ls, which must Lm* ccui- 
\erted to other units if the readings an* 
to mean anything in terms of vibration 
amplitude, velocity, or accel«*ration. A 
calibration chart is provided with each 
control box giving the pro|M*r correction 
(igun*s for that pickup and control Im>x 
when iisi'd with a particular sound-level 
meter. By means i»f thes<* tlata plus a 
deciiH‘1 table (supplied in the instru<*tion 
lMM»k). the readings may Im* t‘onverted 
readil) to the more logical units of micro- 
iiu’h(‘s, niicroinches |K*r set'tmd, or 
inches |K*r second |M*r s«*cond. 

The TYPE 761-A Vibration Meter 

l•’^>r low frecpiency vibrations, or 
where a large numlN'r «»f accurate oh- 

I’ lCl UK 22. t.leetrirul frei|iirney res|ioiifc.e of tin* 
'I'vi*k76I- \ Vihratioii Meter effeelH of 

integrating eirenit. 


s<*rvations must Im* made with a max¬ 
imum degree t)f convenience, an instru¬ 
ment designed particularly for vibration 
measurements is desirable. TTie 'FYPii 
7()1-A Vibration Meter is similar in 
many res|M*ets to the 'Fvpe 759-B Sound- 
l^*vel Meter. It is mounted in a cast* of 
nearlv the same size, operates from the 
same si/e battery, and has a similar 
met'hanical ci»nstructi<»n, inclu<ling the 
free-lloating tula* shelf. However, the 
vibration meter was intended to take full 
aiivantage of the maximum freipiency 
range of the pie zo-t*lec trie t\|M* of 
pickup, which extends smoothly from 
2 to BMM) cycles per second. Also, the 
meter is calibrated din*ctly in terms of 
the r-m-s displacement, veliM’ity, and 
acirleration and indicates tliest*. re- 
s|M*clively, in micro-inches. niicro-incher« 

|M*r second, and inche^ |M*r second |M*r 
second.*^ 

Since the vibration pickup used with 
this meter is of the acceleration ty|H*, 
two stages of electrical integration are 
nei*essary to provide the various ty|M*s of 
n*s|M»nst*. Becaiisi* the integrating cir- 

T%l*fc T6I-A Vil»r«ci<Hi Meier ifi c«iiii|>lelelv 
(JcMTibed iu**A l.^enrral-l*ur|iu»e Vibretion Meter" bv If. II. 

Scull. Journal of the AtxMialical .So,-»eiy of Ainerira. ViJ 
XIII. No. I, pp. 46-SU. Jiiiv. Iltl. A brief ilc»cnptMiii te almi 
inriiideil in the I.eneral Kailio H\perimrfarr, Vol. \VI, 

No. I. |»p. 1-tt. June. I*m. 

Kii;i KK 23.1 )vpr-all roii|>oiiAo of ihr Tvpk 761-A 

Viliratiun Meirr iiirliiiJing the vibration pirkiif). 
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Figlhk 24. llliiHtralitig tlir* i>[»eralion of the integrating circuits in the vibration meter (a) showh 
a Hquure wave as tranKiiiilted hy the amplifier when set for acceleration meaHiireinentH, (h) shows 
the wave after one ntage of electri«*al integration for velocity measurements (c) shows the reHiill 
of two stages of integration as n»e<l for ilisplacenieiit measurements.* 


ciiilH are built in purl of the amplifier, 
lietter (M'rforriiaiiee in possible tliaii with 
a eoiitrol box attaebineiit. Figure 22 
shows the eleetrieal frequeiiey etiarae* 
leristH*s of I be vibration meter exelmb 
ing the pieku[». Figure 23 shows the 
over-allebaraeteristie in teriiLsof relative 
reHjMMisi* for a eonstant-tiisplaeement vi¬ 
bration in terms of freipieney. 'Plie ir¬ 
regularities above 1000 eyeles are ilue to 
natural resonanees in the piekup, but it 
will U‘ iiotetl that the average reS|Kms«* 


is aetiially ipiite us(‘ful to 2000 eyeles or 
higher, 'fbesi* figim*s show graplii«*ally 
bow the integration process attenuates 
the higla^r fre<jueneies with res|a*i*t to 
the lower frequeneies. 

Figure 21 shows the actual elTeel of 
the electrical integration on a particular 
waveform, 'flie sipian* waveform of 
Figure 21a has strong harmonics. After 
two steps of integration the result in 
Figure 24c is substantially a .sinus«H(lal 
waveform.** 


PART XI —HOW TO 


USE THE VIBRATION METER 


Operating Instructions 

Like tlie souml-level meter, the vi¬ 
bration meter has an instruction sheet 
fastened in the cover which covers the 
actual o|MTations involved in ailjiisting 
and Heading the instrument. A knob 
marked MKTKK S(!ALK provides in 
effect a multiplier for the indicating in¬ 
strument. 'file red meter scale should 1m* 
used with the red |M>sitions of the knob 


and tin* black .scale with the uncolored 
|H>sitions. ITie r(*ading of the control in 
all cases n*presents the full-scale de- 
lle(*lion of the meter, so that it is mereiv 
necessary to adii det*inial plairs to the 
meter reading. 

In addition, there is a row <pf five push 
buttons to S4*lect acivleration, velocity, 
and displaiement rt‘S|»onse. For each of 
tin* latter two characteristh*s two biit- 


**Tbc wavcforitiH tthuwti in Figure 24 may Ik* rcprewnlctl hy the following Fourier scries: 
(a) 


, . . . .. ‘*>1**^ . r 

— t 0 |M Hin loit-sill Ju»if- Hin 5a>if — • 

3 5 


(h) !• 
(c) .X 


<w// = tXK* otii 4* ":;;7 cos 3wtt -JT' cos Sufjt -j- • 


.V 


5* 


~ S~ ^ ^ ^ ***** “ ***** 


5» 


These i:orre!i|MMiil, res|teclively. to Fipiaiioiis 7,6. and 5. and to F.ipiations 7a, 6a, and Sa in Note 
25. Note that for this particular waveform, while the a(*4'eleration eqiiathHi gives 33% third 
harmonic, the displacement one given only 3.7%. 
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lon.s an* proviiltMi. 'Fhe normal hiilloiir^ 
an' llioM* Hhii'h |>ro\i<lr a low-rrefiiKmrv 
liinil «»r 2 vyv\vti. 'I’lip rxfra hiilloiis, 
wliioli an* so inarktMl, |»ro\iil<‘ a low- 
rn‘(|iit'm‘\ limit of I0oyc>|f>s. uhich, how* 
fvrr, allows an inm'as** in s<Misitivil\ i»l 
llir iiietfT li) a farlor of 10 : I, 'Phis is a 
»:n*al advanta^r for measuring low- 
ain|»litiMlr vihration^ snrii a^ m’l’iir, for 
instan<*c, in rloi:ks, S|HMMlonM'ters. ami 
other small meelianisms. Siieli vihrations 
sehhmi have any im|H»rtanl eom|M>nenls 
Im'Iow 10 eyeles. Ihdow eaeh hut ton is 
enjiraveil a niijllipl\ing farlor (always 
a multiple of 10) whirh should he ap* 
plied to all rea<lin^^ when that partie- 
niar hut ton is list'd. 

I’lish hut tons are also pro\ ide«l for 
rherkin^ the halterv ami the ralihralion. 

Sensitivity of Vibration Meter 

rile d’vi'K 7()l- \ V ihralion Meter will 
measure tiisplarements as low as Ih 
miero-inrhes, velorities as low as I (>0 
mirret-inrhes |K*r st*rond, ami arrelera- 
liong as low as 0.KiO inehes |M'r st'eoiid 
|K'r st'rond.^ 

Pickup Placement 

i'he pirkiip res|H»nds most slnm^U to 
Nihrations |K'r|M‘ndiriilar to its front 
siirfare 'the surfare with the name¬ 
plate). A threaded socket (* 4 * — 28th 1 
is provided on this snrfai'e so that tiu' 
pickup may Ix' luilted or rlani(K'd in anv 
desire*] fashion. A t'oniral and a roiimled 
tip are also proviiled, and a long metal 
prols*, all of whirh lit the thn'ailed 
socket. The tips max be fastened tli- 
rertly to the pickup or to the end of the 
prolie. liy these means it is generalU 
|N>ssihle to hold the pickup against a 
\ihratirig siirfact' or part so that it will 
pick up the \ihralion satisfactorily. Siif- 

*^Thfl ilU|»larr<nir>iil «nil %rl«irit 3 r rtfurr* urc Uw a low 
•luffury rtil nIT al 10 rvrU>a. Hwar limit- arr niiiltiplinl !•» 
|0 whi^ii iHp full range down in 2 cyrlt> i» uard. 


licient presr-nre should Im* iisi'd on the 
pit'kiip so that it follows the \ihration 
accurately wilhoiil chattering, hut care 
should lie laki'ii m»l to push so hard as 
to affect niateriallx the vibration itself, 
l”igure I*) shows how the pit'kiip is nor¬ 
mally iiscil with the prolx'. For ac.curate 
reading lh«‘ pickup should alwavs In* 
held or mounted so that its front surface 
is |H'r|M>ndicular to the ilirection id vi- 
hralion. 

Characteristics of Pickup 

Like all piezo-i*lectric rnicrophiines 
and pickups, the vihratioii pickup 
should not In* allowed to reach lem|N'r- 
atiirt's alN)\e l.’^O® F. or |K'rmanenl dam¬ 
age may result. Measurements can In* 
made on hotter machincrx pntxiding 
they are made ipiicklx enough so that 
the pickup diM's not hecome healed. 

\t lower leni|N'ratures the teni|»era- 
lure characteristics of the pickup are 
similar to the pie/o-i'leciric microphones 
(see Fart \ i. 'I'he actual capacitance of 
the pickup ih approximately (I.OO.'i 
microfarad. I'he usual short cable sup¬ 
plied on the pickup diH's m»t reipiire a 
tem|N'rature c«»rrection. hut if a lung 
cable is used the Kipiation (8) in Fart ^ 
max he nsed.'^' 

'I'he pickup should not In* subjected to 
accelerations greater than 18 times that 
of gravity ( lOg)/* 

Choice of Characteristic 

'I'he held of vibration measurement is 
not as well standardized as that of sound 
ineasiirements. The choice among dis- 

*'lof Uu» |iur|w»f ihr nipacily valuta in Fifiirr 10(a) mar 
l»f miilliplirtl hy i%w, Kiinrc lOl'b) will aUo apply if a rabir 
Ilf upiiroiiitialcly I.X'iO in ||•l*<|. *|’hr»r jignrra are in 

l*art V. 

"On ilir (*alil»rali«»n *if ibr vibration inrter ibi- •• eipiiia- 
Irnl In an arcrlrralmn «f .VHIO int'lir* |irr -rmnil per •mvti'l. 
a %rl«NH) Ilf fi.3 X 10' mirr<»'inrl»r*. or a lii-plai'rniriit of 

j 

JO' 

niii'ro'ini’tHm, whrrr f U ilir frripiriH*> in rvrle# |*er 
sreonU. 
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plaroiiuMiU velm’ily, anil arrt*l«*ralion 
peniTally ile|»endfi H|M>n I hr US4‘ for 
wliirh till* ilata art* iimlril anti tin* t*on* 
fiitlrratioiiH nirntioiu'il in Pari l\. l yi*- 
iral exainplrs tif appliration)* for tin* tlif> 
frrrnt tv|iOr^ of inrasurrnientt* are as 
follows: Displacement measure men Is 
are w idely used in measuring ship vibra¬ 
tions and vibrations in heavy maehin- 

erv. Velocity measurements are used for 
measuring sound transmission through 
walls, the sound radiated by large sur¬ 
faces such as |M>wer transformer shells, 

etc. Vetvleration measun‘ment» are used 
in nn>st mat'hinery noist* problems or 
where parts are liable to fail as a result 
of the vibration. 

In all easi*s it should In* rememlH*red 
the acceleration measurements give the 
greatest emphasis to the high frequencies 
and tiisplaceinent nn*asurements to the 
low frequencies. 

Applications of the Vibration 
Meter 

All designers of airplanes, shij»s, and 
other expensive or elab«>rate striieiures, 
particularly where vibration may be 
dangerous, carefully calculate the vi¬ 


bratory conditions as a part of the de¬ 
sign work.'*' Siieh calculations, however, 
generally involve assumptions which 
(*annot always Im* rigidly justified, and 
measurements are necessary on the com¬ 
pleted structure to check the calcula¬ 
tions and make minor readjustments. 

In the case of small machinery, it is 
sometimes more economical to build a 
sample and measure the vibration than 
to s{iend too much time on lalxirioiis cal¬ 
culations. 'File vibration meter, there¬ 
fore, is not u substitute for thorough 
theoretical analyses, but should hi* us<*d 
to supplement and rlM*ck such analyses. 
In many cases its use will greatly sim¬ 
plify the calculations and reduce the 
numlier whii’li are necessary. 

'Flu* vibration meter is also an inval¬ 
uable tool in checking finished equip¬ 
ment for vibration and, indirectly, for 
noise, as previously |M)inted out in Part 
V. 11ns last application allows noise 
tests to fs* carried on under unfavorable 
conditions of umhient noisi* level, after 
correlating noise meter and vibration 
tests on a few sample machines. 

— II. II. ScoiT 

‘‘Note 16 waa im-lnilnl in Fart VI. 


INDEX TO VOLUME XVI AND VOLUME XVII 

All index for \ohimes \VI and XVII of the Kxpkrimkntkh has been pre¬ 
pared and will lie maileil to any reader ujMm request. 
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